IN 1886, Jaworski and Gluzinski * introduced the generally accepted system of estimating gastric acidity in terms of " degrees." They then pointed out that the subject had been intensively studied for over a hundred years and apologized for adding another communication to the many already published. Forty-six years later, Vanzant and her collaborators 2 called attention to the amazing fact that, despite the enormous amount of investigation, we have not even today any reliable standards of normal acidity for various ages. Their explanation that this gap in our knowledge is due in part to the difficulty of getting a large number of normals for study seems rational. All the previously reported studies of normals were made on comparatively small groups. The series reported from The Mayo Clinic comprises cases which were considered to be free from organic disease of the gastrointestinal tract, but they were not free from digestive disturbances. It is true that if we consider a person's digestion as normal only when he can eat with impunity anything within reason, in any quantity and at any time, very few people, especially those past middle age, could qualify as normal. The difficulties in studying normal acidity in the human are therefore manifold. Not only is it " not easy to get several thousand normal persons to submit to gastric intubation" (Vanzant et al), but it is doubtful whether any appreciable number of strictly normal persons could be found, particularly in the higher
Mayo group, collected presumably from normals. In perusing their paper, however, we find that our material resembles theirs more closely than was at first supposed. The cases of organic disease, which Vanzant excluded from her studies, constitute a large proportion in a hospital of the type of The Mayo Clinic, but are in a small minority in a gastrointestinal clinic for ambulatory patients or in the office of a gastroenterologist.
Inasmuch as it is practically impossible to secure perfectly normal individuals in the various age groups, the next best thing is to make a statistical study of large numbers. This communication is based on the study of a series of cases which we have been accumulating for the past twelve years. Our material lends itself to special grouping according to social status and partly to occupation, as well as to age and sex. We have also had the opportunity of following the gastric acidity in several individuals over a period of years, with results which, as far as we know, have not been reported in the literature.
MATERIAL
Of the 6679 test meals used as a basis for this communication, 2401 were performed at the Vanderbilt Clinic, 1062 in a clinic maintained by a labor organization of the needle trades, and the remaining 3216 on private patients in our respective offices. All the titrations at the Vanderbilt Clinic were carried out by the same technician, while the other tests were performed either by us or under our direct supervision.
METHODS
All the patients received a Boas-Ewald test meal, slightly modified, namely four Uneeda biscuits and two glasses of water, the change from bread to crackers insuring more uniformity and greater convenience. A single extraction was made at the end of 45 minutes. For the titrations of free HC1 and total acidity, Toepfer's reagent and phenolphthalein were respectively employed as indicators.
In classifying our cases in reference to acidity, we divided them into four major groups. Those showing no free HC1 were classed as achlorhydria. Those showing free HC1 under 20 degrees or total acidity under 40 were diagnosed subacidity. Those showing free HC1 above 40 or total acidity above 60 were grouped as hyperacid. Thus, only those which had free HC1 between 20 and 40 and total acidity between 40 and 60 were considered as " normal." A fifth group comprising a small number of cases, showing free HC1 below 20 and total acidity above 60, we termed " dissociated acidity " and did not include in our basic tables.
We studied separately the data obtained in the clinic clientele from that of the office patients in an effort to detect any difference based on social and economic status. We also segregated for separate study a group of patients employed in the tailoring industry, almost all of them belonging to the Jewish race.
Inasmuch as the material studied is composed entirely of ambulatory cases as they appear in the gastrointestinal clinics and in offices of gastroenterologists and the proportion of patients with organic disease is comparatively small, the latter were included in our series. However, in order to determine the possibility of appreciable error, all cases of carcinoma, peptic ulcer and gall-bladder disease were excluded in a part of our material. The resulting percentage distribution and curves are practically the same as before the exclusions. (Tables 1 and 2.) Wherever we encountered groups of less than 25, we did not consider them in plotting our graphs, as percentage calculations on small numbers are extremely unreliable and often incorrect. It is for this reason that figures below the age of ten are not included in our paper. what we are accustomed to consider normal acid figures slowly decreases from the third decade on. The low acidities fluctuate but little until the last decade when they show a definite rise. There is a progressive increase in the incidence of achlorhydria up to the age of 70, with slight diminution beyond that point. However, the number of cases in our series above that age is too small for positive statistical statements. One group of patients, almost exclusively of the Jewish race and belonging to a labor union of the tailoring trades, showed a very high incidence of hyperacidities for all decades. As in the other groups studied, the peak was reached in the fifth decade, the entire curve being on a higher level. The other acidity curves were practically the same as in the other groups. (Table 4 .) In a group of relatively wealthy private patients, the incidence and peak of high acidities were distinctly lower than in the working class group. (Table 5 .) A stands for achlorhydria, 5 for subacidity, N for normal, H for hyperacidity.
The figures obtained on the Vanderbilt Clinic patients, presumably belonging to the poorer classes, of all races and creeds, showed acidities and curves between the extremes just described. (Table 6 .) A stands for achlorhydria, S for subacidity, N for normal, H for hyperacidity.
The generally recognized very high incidence of hyperchlorhydria in duodenal ulcer, and achylia or marked hypoacidity in gastric carcinoma is shown in table 7. The distribution in gall-bladder disease is the same as A stands for achlorhydria, S for subacidity, N for normal, H for hyperacidity. that ordinarily found in the corresponding age periods.
The acidity means were calculated for each decade. (Figure 2 .) The free and total acidities maintain a fairly constant level through the fifth decade when they show a gradual drop.
FIG. 2. Mean gastric acidity by decades. (6679 cases.)
As regards sex, we found, as did other investigators, that acidity in females runs generally lower than that in males. The difference corresponds to almost ten degrees in both the free and the total ranges. (Figure 3.) In one series of 2000 cases, the dissociated acidity group was studied. Twenty-two cases were found, making an incidence of about 1 per cent. 
DISCUSSION
What Constitutes Normal Acidity. It is quite evident that we cannot accept one standard for all age periods. Some authors, especially those who have departed from the Boas test meal, digress from the usual normals of 20 to 40 degrees for free HC1 and 40 to 60 for total acidity and name their own figures. Thus, Lerman, 9 using the alcohol and histamine test meal, considers the normal acidity range to be 20 to 70 degrees for free HC1. Bloomfield suggests that we dispense with the term normal and classify the cases as high, medium, low, and anacid.
The fact that some individuals are always achlorhydric and that the absence of free HC1 was found in children (Wright, 10 Hertz, 11 Jacobsen, 12 and even in the newborn, Hess 13 ) justifies the inference that lack of acid is a constitutional characteristic with some individuals and is " normal" for that particular type. Carlson 14 has long maintained that all grades of acidity as well as anacidity are found in a considerable number of " normal" individuals. Furthermore, it has been observed that a given type of gastric secretion is characteristic of certain families, high acidities being common in some and low acid figures or even achlorhydria in others (Dauwe, 16 Martinez, 16 Apperly and Norris 17 ). In short, normality is generally a very elastic term. In the present state of our knowledge, it is evident that age and sex must be considered in any discussion of normal standards. Utilizing the acidity means already referred to, it is an easy matter to construct a simple table, similar to that of height and weight or blood pressure, that might serve as a guide to the clinician in every-day practice. An arbitrary deviation of ten degrees on either side of the means would give the results in round figures, as shown in table 10. All cases falling within the above Diagnostic Value of Gastric Acidity Determination. Inasmuch as all grades of acidity are found in healthy individuals, it follows that the diagnostic significance of acidity tests is only of secondary importance-it has only a confirmatory value. Thus, in the presence of achlorhydria, the evidence in favor of duodenal ulcer must be overwhelming to make the diagnosis. Likewise, a diagnosis of primary anemia would hardly be in keeping with high or moderate acid figures. At this point we wish to call attention to our observation that dissociated acidities (low free HC1 and high total acidity) are suggestive of gall-bladder disease. The reason for the dissociation probably lies in the greater amount of duodenal regurgitation and higher combined acidity.
The Significance of Achlorhydria. The subject of achlorhydria has been discussed in great detail by numerous writers. Ehrman, 18 who introduced the conception of simple achylia, Martius, 19 Faber 20 and lately Bloomfield and his collaborators, as well as many others, have studied it from many angles. It is of particular interest as a possible predisposing factor to serious organic disease, such as gastric carcinoma and pernicious anemia. As precursors of carcinoma of the stomach, Hurst 21 puts achylia and gastritis in the first place. He cites two cases which were achlorhydric long before the cancer developed. We have also had two cases which had no free HC1 with negative roentgenological findings for six and eight years before they developed cancer of the stomach. Unfortunately, it is very rarely that patients with carcinoma of the stomach have records of previous test meals. The achlorhydria clinic which Bloomfield has inaugurated is therefore a step in the right direction and is worth emulating.
The Significance of Low and High Acidities. The increasing incidence of achlorhydria with advancing age suggests the probability that gastric acidity gradually fails with advancing years. The number of achlorhydrics is augmented by new recruits from among those with low acidities. The low acidity group is in turn replenished from the higher acidity groups. Some evidence of this was presented above. The process of decline does not seem to begin until the fifth decade is passed. In all of our groups, the greatest percentage of high acidities is found in the fifth decade. One may infer that probably our mode of living and dietary habits tend to stimulate gastric function, producing a greater proportion of high acidities up to that point. After the fifth decade, however, when all bodily functions are in the decline, gastric secretion also begins to diminish. The fifth decade thus constitutes a turning point and diminishing gastric acidity may be regarded as one of the indications of approaching old age, such as loss of hair and teeth, diminishing activity of internal secretions, arteriosclerosis, and so on.
On the other hand, high gastric acidity persisting into old age may be considered as an indicator of longevity. Only the hardier individuals reach the eighth and ninth decade and they seem to be the ones who have high gastric acidity. It is interesting to observe the contradictory reports as regards acidity in old age. Dedichen 22 and Davies and James 28 reported low acid figures, while Rafsky 24 found hyperacidity to be the rule in a group of exceedingly old individuals (70 to 90 years of age).
Practical Value of Test Meals. It is not within the province of this communication to enter into a discussion of the relative value of the manv different test meals that were suggested in the past or are still in use. While the data reported here are based on results obtained with the single aspiration after a Boas-Ewald test meal, we do not wish to be misunderstood as advocating this method in preference to or to the exclusion of all others. For thorough discussion of the merits and drawbacks of the various procedures, the reader is referred to the writings by Boas, 25 Isaak-Krieger, 26 Andresen, 27 Garbat, 28 Gaither, 29 Smithies, 80 and others. Our feeling is that for practical purposes, it matters little what is used for a test meal or how many extractions are made. We would not even object to the use of fresh cabbage juice, as suggested by Orlowsky, 81 if one does not mind the trouble of procuring it in all seasons. Any test meal with a single aspiration will serve to classify the patient as to the type he belongs to, whether he secretes gastric juice of the high or low titre. It is only the exceptional case that will give low figures with one method and high ones with another.
It is now fairly generally accepted that with regard to gastric acidity there are several types, differing constitutionally in the same manner as the sthenic and the asthenic, or the hypersensitive and the hyposensitive. From the standpoint of predisposition to various diseases it is very important to determine to which group the patient belongs and to classify him accordingly. It is of importance to find out the low acidities as well as the anacidities, as it seems quite possible that the hypochlorhydrias are potential achlorhydrias and that the increase in achlorhydrias in the later decades is due to this factor. The importance of doing a test of the gastric secretory function on every patient cannot be overemphasized. One might go even further and say that it should be included in every periodic physical examination.
Any symptoms even remotely suggesting an early peptic ulcer should be considered seriously in the hyperchlorhydric and the patient kept under observation. On the other hand, it is known that pernicious anemia is preceded by achlorhydria long before any other suspicious evidence makes its appearance. Our knowledge of the achlorhydria preceding the development of gastric carcinoma is so far very limited and further investigation of this relationship is desirable.
It is also essential to know for dietetic considerations, the kind of gastric juice the individual secretes. Subjects with a tendency to hyperacidity should avoid spicy and other foods which stimulate gastric secretion. On the other hand, low acidity calls for an entirely different diet. One cannot tell, except empirically, what foodstuffs are most suitable for any particular individual unless some sort of test is done. Many cases of heartburn have moderate or low gastric acidities, even achlorhydria, and the medicinal treatment is to be guided accordingly. 2. Age, next to constitutional predisposition, appears to be the dominating factor in gastric acidity. Thus the greatest incidence of high acidity occurs in the earlier age groups, while the low acid figures predominate in the later decades.
3. It is well known that certain diseases are associated with special ranges of acidity (e.g. duodenal ulcer with hyperacidity; pernicious anemia and cancer of the stomach with achlorhydria), but there is evidence to indicate that these acid levels precede the development of the disease, just as they persist after its cure.
4. It would appear that the degree of acidity-a constitutional factorpredisposes to a given disease, rather than that the disease produces a change in acidity.
5. It appears that the fifth decade constitutes the peak of functional activity as evidenced by the greater proportion of high acidities, while diminishing gastric acidities may be considered as evidence of aging, analogous to presbyopia, hypertension, arteriosclerosis, and the menopause.
6. The presence of high acid values in old age may be considered as an index to longevity.
7. The determination of gastric acidity is of practical value as an index of predisposition to certain diseases and as a guide to important therapeutic procedures (diet, medication).
8. Evidence is presented that in older patients, under observation for comparatively long periods, there is a tendency to a diminution or loss of gastric acidity.
9. A table of average values of gastric acidity, arranged according to age and sex, is proposed instead of the more arbitrary standards now in use.
